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Abstract. The plankton and semi-plankton samples collected at Loktak Lake in Manipur state of northeast India (NEI), be- 
tween February 2015 and January 2017, revealed 180 rotifer species belonging to 42 genera and 22 families. Our report raises 
the total richness of the phylum known from this Ramsar site to 189 species and thus assigns this floodplain wetland the status 
of the most species-rich rotifer hot-spot of the Indian sub-region. Two species are new to the Oriental region and 25 are new 
records from Manipur. The rotifer fauna is characterized by a number of species of global (-18% of species) and regional 
biogeographic (~15% of species) interest, high richness and common occurrence of ‘tropic centered’ Lecane, relative paucity 
and scarceness of Brachionus, Filinia, Hexarthra and Conochilus species, and littoral-periphytic assemblages with a number 
of small-sized species. The present study is interesting for the rotifer ecosystem diversity update of this well-sampled flood- 
plain wetland of the Indian sub-region. We estimate 270+ Rotifera species from this lake system pending specific analysis of 
periphytic, colonial, and benthic taxa as well as of likely cryptic diversity of certain species complexes. 
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INTRODUCTION 


Rotifera have been documented and described from dif- 
ferent parts of India for more than a century but there is 
still paucity of information on their ecosystem diversity 
in different aquatic biotopes because of limited studies, 
inadequate sampling, incomplete inventories and lack of 
taxonomic expertise (Sharma & Sharma 2017). Never- 
theless, our investigations over the last two decades have 
highlighted the global importance of the floodplain lakes 
(locally termed ‘beels’ or ‘pats’) of northeast India (NEI) 
(Sharma & Sharma 2014a, 2014b, 2017) regarding Roti- 
fera biodiversity and biogeography. Deepor beel, a Ram- 
sar site located in this region, has been reported to be 
one of the most rotifer speciose individual ecosystems of 
India (Sharma & Sharma 2015). Sharma et al. (2016) ex- 
tended the investigations to Loktak Lake — another Ram- 
sar site — and provided a notable update on the rotifer 
fauna reported earlier by Sharma (2009). The present in- 
tensive sampling culminated in more biodiverse assem- 
blage characterizing this floodplain wetland of NEI as a 
rotifer hot-spot of the Indian sub-region. An inventory of 
the rotifer species recorded till date from Loktak Lake is 
presented. Remarks are made on salient features of the 
composition and species richness of Rotifera, and on new 
records and taxa of biogeographic importance. Various 
interesting species reported in this study are illustrated. 
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MATERIAL & METHODS 


Loktak Lake (93° 46’ — 93° 55° E, 24° 25° — 24° 42° N; 
area: 286 km?; max. depth: 4.58 m, mean depth: 2.07 m), 
Bishnupur/Imphal districts of Manipur (NEI), is an inter- 
esting floodplain lake system (Figs 1 A-C) characterized 
by its floating mats of vegetation called “Phumdi” which 
are inhabited by endangered brow-antlered deer (Rucer- 
vus eldi eldi). This Ramsar site is reported to have a di- 
verse assemblage (233 species) of aquatic macrophytes 
(Tunginba Singh, 2013) 

The qualitative plankton and semi-plankton samples 
were collected between February 2015 and January 
2017 at three sampling sites: Loktak A (93?45'56.3" E; 
24?32'13.5" N; alt. 726 m asl), Loktak B (93°47 58.1” 
E; 24?30'39.1" N; alt. 714 m asl) and Loktak Barrage 
(93?45'43.5" E; 24?32'46.9" N; alt. 718 m asl). In addi- 
tion, others from different parts (pats) of Loktak Lake ba- 
sin are analyzed. The samples were collected by towing a 
nylobolt plankton net (#50 um mesh size) and preserved 
in 5% formalin. All samples were screened with a Wild 
stereoscopic binocular microscope; individual rotifers 
were isolated and mounted in Polyvinyl alcohol-lacto- 
phenol, and were observed with a Leica (DM 1000) ste- 
reoscopic phase contrast microscope fitted with an image 
analyzer. The rotifer taxa were identified using Koste 
(1978), Segers (1995), Sharma (1978a, 1978b, 1983, 
1998), Sharma & Sharma (1987, 1997, 1999, 2000, 2008, 
2013), and Jersabek and Leitner (2013). The voucher col- 
lections are in the holdings of the Department of Zoolo- 
gy, North-Eastern Hill University, Shillong. 
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Fig. 1A-C. A. Map of India showing northeast India; B. Map of northeast India indicating Manipur state and location of Loktak 
Lake; C. Loktak Lake — a Ramsar site showing typical ‘Phumdi‘ 
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RESULTS 


A total of 180 species representing 42 genera and 22 fam- 
ilies were identified in our collections from Loktak Lake. 
Our study raises the total number of rotifers known from 
this Ramsar site to 189 species. The following is a de- 
tailed systematic list of the recorded taxa. 


Systematic list of Rotifera 
recorded from Loktak Lake, Manipur 


Phylum: Rotifera 

Class: Eurotatoria 
Subclass: Monogononta 
Order: Ploima 

Family: Brachionidae 

1. Anuraeopsis fissa (Gosse, 1851) 
2. Brachionus angularis Gosse, 1851 
3. B. bidentatus Anderson, 1889 

4. B. calyciflorus Pallas, 1766 

5. B. caudatus Barrois & Daday, 1894 
6. B. diversicornis (Daday, 1883)** 
7. B. durgae Dhanapathi, 1974 

8. B. falcatus Zacharias, 1898 

9. B. forficula Wierzejski, 1891** 


10. B .kostei Shiel, 1983 

1l. B. mirabilis Daday, 1897 

12. B. quadridentatus (Hermann, 1783) s. lat 
13. Keratella cochlearis Gosse, 1851 

14. K. edmondsoni Ahlstrom, 1943** 

15. K. lenzi Hauer, 1953 

16. K. tecta (Gosse, 1851) 

17. K. tropica (Apstein, 1907) 

18. Platyias leloupi (Gillard, 1967) 

19. P. quadricornis (Ehrenberg, 1832) 
20. Plationus patulus (O.F. Müller, 1786) 


Family: Epiphanidae 
21. Epiphanes brachionus (Ehrenberg, 1837) 


Family: Euchlanidae 

22. Beauchampiella eudactylota (Gosse, 1886) 
23. Dipleuchlanis propatula (Gosse, 1886) 

24. Euchlanis dilatata Ehrenberg, 1832 

25. E. incisa Carlin, 1939 

26. E. meneta Myers, 1930 

27. E. semicarinata Segers, 1993# 

28. E. triquetra Ehrenberg, 1838 

29. Tripleuchlanis plicata (Levander, 1894) 


Family: Mytilinidae 

30. Lophocharis salpina (Ehrenberg, 1834) 
31. Mytilina acanthophora Hauer, 1938 

32. M. brevispina (Ehrenberg, 1830)** 
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33. M. bisulcata (Lucks, 1912) 

34. M. lobata Pourriot, 1996 

35. M. michelangellii Reid & Turner, 1988 
36. M. ventralis (Ehrenberg, 1832) 


Family: Trichotriidae 

37. Macrochaetus danneelae Koste & Shiel, 1983 
38. M. longipes (Myers, 1934) 

39. M. sericus (Thorpe, 1893) 

40. Trichotria tetractis (Ehrenberg, 1830) 

41. Wolga spinifera (Western, 1894) 


Family: Lepadellidae 

42. Colurella adriatica (Ehrenberg, 1837) 
43. C. obtusa (Gosse, 1886) 

44. C. sulcata (Stenroos, 1898) 

45. C. uncinata (O.F. Muller, 1773) 

46. Lepadella acuminata (Ehrenberg, 1834) 


47. L. apsicora Myers, 1934 

48. L. apsida Harring, 1916 

49. L. benjamini Harring, 1916 

50. L. bicornis Vasisht & Battish, 1971 
51. L. biloba Hauer, 1958** 

52. L. cristata (Rousselet, 1893)** 

53. L. costatoides Segers, 1992 

54. L. dactyliseta (Stenroos, 1898) 

55. L. desmeti Segers & Chittapun, 2001 
56. L. discoidea Segers, 1993 

57. L. ehrenbergi (Perty, 1850) 

58. L. eurysterna Myers, 1942 

59. L. heterostyla (Murray, 1913) 

60. L. lindaui Koste, 1981 

61. L. neglecta Segers & Dumont, 1995* 
62. L. minuta (Weber & Montet, 1918) 
63. L. ovalis (O.F. Muller, 1786) 

64. L. patella (O.F. Muller, 1773) s. lat 
65. L. quadricarinata (Stenroos, 1898) 
66. L. quinquecostata (Lucks, 1912) 
67. L. rhomboides (Gosse, 1886) 

68. L. triba Myers, 1934 

69. L. triptera Ehrenberg, 1830 

70. L. vandenbrandei Gillard, 1952 


71. Squatinella mutica (Ehrenberg, 1832) 


Family: Lecanidae 
72. Lecane acanthinula (Hauer, 1938)# 


73. L. aculeata (Jakubski, 1912) 
74. L. aeganea Harring, 1914 

75. L. arcula Harring, 1914 

76. L. aspasia Myers, 1917 

77. L. batillifer (Murray, 1913)** 
78. L. blachei Berzins, 1973 

79. L. bifastigata Hauer, 1938** 
80. L. bifurca (Bryce, 1892) 


81. L bulla (Gosse, 1851) s. lat 
L. bulla diabolica (Hauer, 1936) 
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82. L. closterocerca (Schmarda, 1898) 

83. L. crepida Harring, 1914 

84. L. curvicornis (Murray, 1913) s. lat 

85. L. decipiens (Murray, 1913) 

86. L. dorysimilis Trinh Dang, Segers 
& Sanoamuang, 2015** 

87. L. doryssa Harring, 1914 


88. L. elegans Harring, 1914 

89. L. elongata Harring & Myers, 1926** 
90. L. flexilis (Gosse, 1886) 

91. L. furcata (Murray, 1913) 

92. L. hamata (Stokes, 1896) s. lat 

93. L. haliclysta Harring & Myers, 1926 
94. L. hastata (Murray, 1913)** 

95. L. hornemanni (Ehrenberg, 1834) 
96. L. inermis (Bryce, 1892) 

97. L. inopinata Harring & Myers, 1926 
98. L. lateralis Sharma, 1978 

99. L. latissima Yamamoto, 195** 


100. L. leontina (Turner, 1892) 

101.L. ludwigii (Eckstein, 1883) 

102. L. luna (O.F. Muller, 1776) s. lat 

103.L. lunaris (Ehrenberg, 1832) 

104. L. marchantaria Koste & Robertson, 1983* 
105.L. monostyla (Daday, 1897) 

106. L. nitida (Murray, 1913) 

107.L. niwati Segers, Kothetip & Sanoamuang, 2004 
108.L. obtusa (Murray, 1913) 

109. L. ohioensis (Herrick, 1885) 

110. L. papuana (Murray, 1913) 

111. L. ploenensis (Voigt, 1902) 

112. L. pusilla Harring, 1914 

113. L. pyriformis (Daday, 1905)** 

114. L. quadridentata (Ehrenberg, 1832) 

115. L. rhenana Hauer, 1929 

116. L. rhytida Harring & Myers, 1926 

117. L. ruttneri Hauer, 1938 

116. L. signifera (Jennings, 1896) 

119. L. simonneae Segers, 1993 

120.L. solfatara (Hauer, 1938) 

121.L. stenroosi (Meissner, 1908) 

122.L. superaculeata Sanoamuang & Segers, 1997** 
123.L. syngenes (Hauer, 1938)** 

124.L. tenuiseta Harring, 1914 

125.L. thienemanni (Hauer, 1938) 

126.L. undulata Hauer, 1938 

127.L. unguitata (Fadeev, 1925) 

128.L. ungulata (Gosse, 1887) 


Family: Notommatidae 

129. Cephalodella forficula (Ehrenberg, 1832) 
130.C. gibba (Ehrenberg, 1832) 

131.C. mucronata Harring & Myers, 1921 
132.C. trigona (Rousselet, 1895)** 

133. Monommata longiseta (O.F. Müller, 1786) 
134. M. maculata (Harring & Myers, 1924) 
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135. Monommata sp.# 
136. Notommata spinata Koste & Shiel, 1991 


Family: Scaridiidae 
137.Scaridium longicaudum (O.F. Müller, 1786) 


Family: Gastropodidae 
138. Ascomorpha ecaudis Perty, 1850 
139.A. ovalis (Bergendal, 1892) 


Family: Trichocercidae 

140. Trichocerca abilioi Segers & Sarma, 1993# 
141.T. bicristata (Gosse, 1887) 

142. T. capucina (Wierzejski & Zacharias, 1893)** 
143.T. cylindrica (Imhof, 1891) 

144.T. edmondsoni (Myers, 1936) 

145.T. elongata (Gosse, 1886) 

146. T. flagellata Hauer, 1938 

147. T. insignis (Herrick, 1886) 

146. T. hollaerti De Smet, 1990 

149. T. longiseta (Schrank, 1802) 

150. T. maior Hauer, 1936 

151. T. pusilla (Jennings, 1903)** 

152. T. rattus (O.F. Müller, 1786) 

153. T. scipio (Gosse, 1886) 

154. T. similis (Wierzejski, 1893) 

155.T. sulcata (Jennings, 1894)** 

156. T. tenuior (Gosse, 1886) 

157. T. weberi (Jennings, 1903) 


Family: Asplanchnidae 
156.Asplanchna priodonta Gosse, 1850 


Family: Synchaetidae 

159. Ploesoma lenticulare Herrick, 1855 
160. Polyarthra vulgaris Carlin, 1943 
161.Synchaeta oblonga Ehrenberg, 1832** 
162.S. pectinata Ehrenberg, 1832 


Family: Dicranophoridae 
163. Dicranophoroides caudatus (Ehrenberg, 1832) 
164. Dicranophorus. forcipatus (O.F. Müller, 1786) 


Order: Gnesiotrocha 

Family: Flosculariidae 

165. Floscularia ringens (Linnaeus, 1758) 
166. Sinantherina semibullata (Thorpe, 1893) 
167.S. spinosa (Thorpe, 1893) 

168.S. socialis (Linnaeus, 1758) 


Family: Hexarthridae 
169. Hexarthra mira (Hudson, 1871)** 


Family: Conochilidae 
170. Conochilus unicornis Rousselet, 1892 
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Family: Testudinellidae 
171.Testudinella amphora Hauer, 1938 
172.T. brevicaudata Yamamoto, 1951 
173.T. emarginula (Stenroos, 1898) 
174.T. parva parva (Ternetz, 1892) 

T. parva bidentata (Ternetz, 1892)** 
175. T. patina (Hermann, 1783) 
176.T. tridentata Smirnov, 1931 


Family: Trochosphaeridae 
177.Filinia brachiata (Rousselet, 1916)# 

178.F. camasecla Myers, 1938 

179.F. longiseta (Ehrenberg, 1834) 

180. F. opoliensis (Zacharias, 1898) 

181.F. saltator (Gosse, 1886) 

182. Trochosphaera aequatorialis Semper, 1872 


Family: Collothecidae 
183.Collotheca ornata (Ehrenberg, 1832)** 
Subclass: Digononta 

Order: Bdelloidea 

Family: Habrotrochidae 


184. Habrotrocha angusticollis (Murray, 1905)# 


Family: Philodinidae 

185. Dissotrocha aculeata (Ehrenberg, 1832)** 
186. Rotaria macroceros (Gosse, 1851) 

187.R. neptunia (Ehrenberg, 1832) 

188. R. rotatoria (Pallas, 1766)** 

189. R. tardigrada (Ehrenberg, 1830)# 


* New records from India; ** New records from Manipur; # not 
observed in this study 


Lepadella neglecta (Fig. 2) and Lecane marchantaria 
(Fig. 3) are new records from India. Brachionus diver- 
sicornis, B. forficula, Cephalodella trigona, Collotheca 
ornata, Dissotrocha aculeata, Hexarthra mira, Keratel- 
la edmondsoni (Fig. 4), Lecane batillifer (Fig. 5), L. bi- 
fastigata (Fig. 6), L. dorysimilis (Fig. 7), L. elongata, L. 
hastata, L. latissima (Fig. 8), L. pyriformis, L. superac- 
uleata (Fig. 9), L. syngenes, Lepadella biloba, L. crista- 
ta (Fig.10), Mytilina brevispina, R. rotatoria, Synchaeta 
oblonga, Trichocerca capucina, T. pusilla, T. sulcata and 
Testudinella parva bidentata (Fig. 11) are new records 
from Manipur state of NEI. Lecanidae (57 species), Lep- 
adellidae (30 species), Brachionidae (20 species), and 
Trichocercidae (18 species) collectively formed 66.1% 
(125 species) of the total rotifer species richness now 
known from Loktak Lake. Euchlanidae and Notomma- 
tidae included eight species each, while Testudinellidae 
and Trochosphaeridae are represented by six species 
each. 
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DISCUSSION 


Our report of 180 species characterizes the biodiverse 
rotifer assemblages of Loktak Lake, raises the total spe- 
cies richness known from this wetland to 189 species and 
thus categorizes this Ramsar as the most species rich Ro- 
tifera hot-spot of the Indian sub-region and one of the 
globally most diverse rotifer biotopes. The results affirm 
the hypothesis of Segers et al. (1993) on (sub) tropical 
floodplains as the world's richest rotifer habitats and also 
endorse the speciose nature of the rotifers of the flood- 
plain lakes of NEI (Sharma & Sharma 2014a, 2014b). 
The total species richness comprises ~42% and ~76% of 
Rotifera species known till date from India (Sharma & 
Sharma 2017) and northeast India (BKS, unpublished), 
respectively. Our inventory exceeds the highest Indian 
report of 171 rotifer species (Sharma & Sharma 2015) 
from Deepor beel — a Ramsar site and an important flood- 
plain lake of NEI. This study marks a significant rich- 
ness update on the taxon from Loktak basin compared 
to earlier reports of 120 (Sharma 2009) and 152 species 
(Sharma et al. 2016). The listing of 42 genera and 22 
families affirms rich higher level diversity of Eurotatoria 
as compared with 65 genera and 25 families of the phy- 
lum known from India (Sharma & Sharma 2017). The 
biodiverse Rotifera fauna is hypothesized to result from 
micro-habitat diversity and environmental heterogeneity 
of Loktak Lake while high richness in our plankton and 
semi-plankton collections is hypothesized to result from 
greater habitat diversification due to the influence of the 
littoral vegetation (Green 1972; Serafim et al. 2003). We 
also attribute the reported high richness to the 'rotiferol- 
ogist effect (cf. Fontaneto et al. 2012). 

The Rotifera species richness of Loktak Lake con- 
curs with the report of “All Taxa Biological Inventories 
(ATBI)" for the rotifer assemblages of the tropical and 
subtropical lakes, listing between 123 and 210 species 
(Dumont & Segers 1996). Total richness is lower than 
207, 230 and 252 species reported from the floodplains 
of Africa (Segers et al. 1993), South America (Serafim 
Jr. et al. 2003), and Australia (Shiel et al. 1998) while 
it broadly corresponds with 184 examined species from 
the Upper Paraná floodplain (Bonecker et al. 1994, 1998, 
2005; Lansac-Toha et al. 1997) of Brazil. On the other 
hand, Loktak Rotifera is more diverse than the records of 
114 species (Jose de Paggi 2001) from the Rio Pilcomayo 
National Park (a Ramsar site), Argentina, 124 species 
(Oguta lake) and 136 species (Iyi-Efi lake) from the Ni- 
ger delta (Segers et al. 1993) of Africa, 130 species from 
Lake Guarana, Brazil (Bonecker et al. 1994), 106 taxa 
from Thale-Noi Lake, a Ramsar site in Thailand (Segers 
& Pholpunthin 1997), 104 species from Laguana Bufeos, 
Bolivia (Segers et al. 1998), and 151 (Koste 1974) and 
148 species from Rio Tapajos and Lago Camaleao (Koste 
& Robertson 1983) of Brazil, respectively. 
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Figs 2-11. 


- 2. Lepadella neglecta Segers 


& Dumont (ventral view); 3. 


. Lecane marchantaria Koste 


& Robertson (ventral view); 


. 4. Keratella edmondsoni 
. Ahlstrom (ventral view); 5. 
. Lecane batillifer (Murray) 


(dorsal view); 6. Lecane 
bifastigata Hauer (ventral 
view); 7. Lecane dorysimilis 
Trinh Dang, Segers & Sano- 
amuang (ventral view); 8. 
Lecane latissima Yamamo- 
to (dorsal view); 9. Lecane 
superaculeata Sanoamuang 


E? Segers (ventral view); 10. 


Lepadella cristata (Rousse- 


- let) (ventral view); 11. 7e- 


studinella parva bidentata 
(Ternetz) (ventral view). 


| Scales = 50um. 
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The two Neotropical species (Segers 2007) Lepadella 
neglecta and Lecane marchantaria are new to the Ori- 
ental Rotifera. The former was described (Segers & Du- 
mont 1995) from Lobo (Broa) reservoir, Brazil; it was 
confused in the past (Segers & Dumont loc cit.) with L. 
quinquecostata. 'This remark deserved caution as L. ne- 
glecta is characterized by its pyriform lorica, slightly nar- 
rowed aperture, dorsum domed with seven low but con- 
spicuous semi-longitudinal ridges, and posterior margin 
projecting and with a minute median notch and thus dif- 
fered distinctly in its morphology from the latter. Lecane 
marchantaria is deemed to be confused (Segers 1995) 
with the L. hamata complex; it is differentiated from the 
latter by nearly coincident and broadly V-shaped head 
aperture margins. Our collections from Loktak basin add 
25 new records to the rotifer fauna of Manipur. Our col- 
lections reveal important fractions of species of global 
(-18% of species; 34 species) and regional biogeographic 
interest (-15% of species; 27 species). The Australasian 
Lecane batillifer, the Neotropical Lepadella neglecta and 
L. marchantaria, the Oriental Keratella edmondsoni, Le- 
cane latissima and L. superaculeata, the Indo-Chinese 
Lepadella dorysimilis, and Cephalodella trigona and 
Lecane bifastigata are new to the list of Rotifera from 
Loktak. Brachionus kostei, Dissotrocha aculeata, Eu- 
chlanis semicarinata, Filinia camascela, Notommata 
spinata, Lecane aeganea, L. aspasia, L. dorysimilis, L. 
latissima, L. rhenana, L. rhytida, L. niwati, L. solfatara, 
L. superaculeata, L. undulata, Lepadella desmeti, L. van- 
denbrandei, Monommata maculata, Notommata spinata, 
Testudinella amphora, T. brevicaudata, T. parva biden- 
tata, Trichocerca abilioi, T. edmondsoni, T. hollaerti, T. 
maior and T. sulcata are examples of species of region- 
al distribution interest in the Indian Rotifera with their 
distribution limited till date to NEI (Sharma & Sharma 
2017). 

Lecanidae > Lepadellidae > Brachionidae > Trichocer- 
cidae collectively form a large fraction (~66% of species) 
of the rotifer fauna of Loktak. The higher lecanid rich- 
ness compares with the reports from the floodplains of 
Africa (Segers et al. 1993, 1998; Green 2003), Argen- 
tina (Jose de Paggi 2001), Brazil (Koste 1974; Koste & 
Robertson 1983; Bozelli 1992; Bonecker et al. 1998; 
Martinez et al. 2000; Serafim Jr. et al.2003; Bonecker et 
al. 2005, 2009), Venezuela (Vásquez & Rey 1989), Thai- 
land (Sanoamuang 1998), and India (Sharma & Sharma 
2014a, 2014b; Sharma et al. 2017). Nevertheless, the rel- 
ative paucity of the Brachionidae (20 species) in Loktak 
basin is in contrast to the above listed studies and the 
report from the Brahmaputra floodplains of NEI (Sharma 
& Sharma 2014b). 

Our results ascertain the collective importance (~52% 
of species) of the littoral-periphytonic Lecane (57 spe- 
cies) > Lepadella (25 species) > Trichocerca (18 spe- 
cies). The consistency of the importance of these genera 
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in the Loktak basin highlights the possibility of rules for 
the periphytic rotifer assemblages as hypothesized by 
Green (2003). The relative significance of these taxa con- 
curs with the reports from the floodplains of Argentina 
(Jose De Paggi 2001), Africa (Segers et al. 1993; Green 
loc cit.), Brazil (Koste 1974; Koste & Robertson 1983; 
Bonecker et al. 1998), Thailand (Segers & Pholpunthin 
1997; Sanoamuang 1998), and Bolivia (Segers et al. 
1998) as well as of Assam state of NEI (Sharma 2014; 
Sharma & Sharma 2008, 2014a, 2017). High richness 
of ‘tropic centered’ Lecane also concurred with several 
reports on the tropical rotifer faunas, 1.e., Koste & Shiel 
(1983), Dussart et al. (1984), Bozelli (1992), Bonecker et 
al. (1994), Segers (1995), and Sharma & Sharma (2008, 
2014a, 2017). 

Loktak Rotifera indicates a number of small-sized 
littoral-periphytonic species of Colurella, Lecane, Lep- 
adella and Trichocerca; this feature is hypothesized to 
result from predation influence of juvenile fish and inver- 
tebrates (Baumgartner et al. 1997) though specific stud- 
les are needed to confirm this hypotheses. Our collec- 
tions exhibit the paucity of planktonic rotifers and that of 
Brachionus (10 spp.), Filinia, Hexarthra and Conochilus 
species in particular. The occurrence of fewer Brachio- 
nus species corresponds with our reports from the flood- 
plains of the Majuli River Island (Sharma 2014) and the 
Dibru-Saikhowa Biosphere reserve (Sharma et al. 2017) 
of upper Assam, NEI. Sharma et al. (2017) proposed the 
L/B quotient based on Lecane/Brachionus species ratios 
to characterize habitat variations of wetlands of lower 
Assam, NEI. Based on overall richness of the two gen- 
era, the L/B quotient for Loktak Lake indicates a value 
of 5.7 thus ascertaining ‘wetland character’ of this Ram- 
sar site; this is affirmed by the littoral-periphytic nature 
of the lake system with a lack of permanent open-water 
limnetic conditions. 

The morphological variability observed in certain 
species from Loktak Lake, namely Lepadella ovalis, L. 
patella, Lecane bulla, L. curvicornis, L. hamata, L. leon- 
tina, L. luna, L. lunaris, L. quadridentata, L. ungulata, 
Testudinella emarginula, T. patina, T. tridentata and Pla- 
tionus patulus needs attention for cryptic diversity anal- 
ysis in light of some interesting studies on such species 
complexes (Suatoni et al. 2006; Schröder & Walsh 2010; 
Montero-Pau et al. 2011; Mills et al. 2017). 

To sum up, the designation of Loktak Lake as a Roti- 
fera hot-spot of the Indian sub-region, new records, and 
species of global and regional biogeographic interest 
highlight the biodiversity and ecosystem diversity im- 
portance of this Ramsar site. Our intensive sampling and 
the results justify this revisit of Loktak Lake with regards 
its importance to biodiversity and biogeography of the 
Indian Rotifera. We, however, estimate an occurrence of 
270+ species of the phylum from this floodplain lake sys- 
tem pending specific analysis of periphytic, colonial and 
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benthic taxa, the rotifer-macrophytic associations relat- 
ing to the characteristic ‘phumdi’, and analysis of cryptic 
diversity of certain species complexes. 


Acknowledgements. The senior author thanks the Head, De- 
partment of Zoology, North-Eastern Hill University, Shillong 
for laboratory facilities and various researchers and well-wish- 
ers for untiring help in the field work. We thank our anonymous 
peers for useful comments and suggestions. We wish to thank 
Ralph S. Peters and Bernhard Huber (Bonn zoological Bulletin) 
for useful suggestions during the peer review. The authors have 
no conflict of interests. 


REFERENCES 


Baumgartner G, Nakataki K, M, Cavicchiolo M, Baugartner 
MS (1997) Some aspects of the ecology of fish larvae in the 
floodplain of the high Parana river, Brazil. Review Brazilian 
Zoology 14: 551—563 

Bonecker CC, Aoyagui ASM, Santos RM (2009) The impact 
of impoundment on the rotifer communities in two tropical 
floodplain environments: interannual pulse variations. Bra- 
zilian Journal of Biology 69: 529—537 

Bonecker CC, Lansac-Tóha FA, Rossa DC (1998) Planktonic 
and non-planktonic rotifers in two environments of the upper 
Parana River floodplain, state of Mato Grosso do Sul, Brazil. 
Brazilian Archives of Biology & Technology 41: 447-456 

Bonecker CC, Lansac-Tóha FA, Staub A (1994) Qualitative 
study of Rotifers in different environments of the high Para- 
na River floodplain (Ms), Brazil. Revista UNIMAR 16: 1-16 

Bonecker CC, Costa CLD, Velho LFM, Lansac-Tóha FA 
(2005) Diversity and abundance of the planktonic rotifers in 
different environments of the Upper Paraná River floodplain 
(Paraná State — Mato Grosso do Sul State, Brazil). Hydrobi- 
ologia 546: 405-414 

Bozelli RL (1992) Composition of the zooplankton communi- 
ty of Batata and Mussurá lakes and of the Trombetas River, 
State of Pará, Brasil. Amazoniana, 12: 239—261 

Fontaneto D, Márcia Barbosa A, Segers H, Pautasso M (2012) 
The ‘rotiferologist’ effect and the other global correlates of 
species richness in rotifers. Ecography 35: 174-182 

Dussart BH, Fernando CH, Matsumura-Tundisi J, Shiel RJ 
(1984) A review of systematics, distribution and ecology of 
tropical freshwater zooplankton. Hydrobiologia 113: 77-91 

Dumont HJ, Segers H (1996) Estimating lacustrine zooplank- 
ton species richness and complementarity. Hydrobiologia 
341: 125-132 

Green J (1972) Latitudinal variation in associations of plank- 
tonic Rotifera. Journal of the Zoological Society of London 
167: 31-39 

Green J (2003) Associations of planktonic and periphytic roti- 
fers in a tropical swamp, the Okavango Delta, Southern Afri- 
ca. Hydrobiologia 490: 197—209 

Jersabek CD, Leitner MF (2013) The Rotifer World Catalog. 
World Wide Web electronic publication. http,//www.rotifera. 
hausdernatur.at/accessed {03.12.2017} 

José de Paggi S (2001) Diversity of Rotifera (Monogononta) in 
wetlands of Rio Pilcomayo national park, Ramsar site (For- 
mosa, Argentina). Hydrobiologia 462: 25-34 

Koste W (1974) Zur Kenntnis der Rotatorienfauna der ‘schwim- 
menden Weise‘ einer Uferlagune in der Varzea Amazoniens, 
Brasilien. Amazoniana 5: 25-60 

Koste W (1978) Rotatoria. Die Radertiere Mitteleuropas, be- 
gründet von Max Voigt. Überordnung Monogononta. Ge- 


Bonn zoological Bulletin 67 (1): 5-13 


brüder Borntaeger, Berlin, Stuttgart. I. 673 pp U. II. Tafelbd. 
(T. 234) 

Koste W, Robertson B (1983) Taxonomic studies of the Ro- 
tifera (Phylum Aschelminthes) from a central Amazonian 
varzea lake, Lago Camaleao (Ilha de Marchantaria, Rio Soli- 
moes, Amazonas, Brazil). Amazoniana 7(2): 225-254 

Koste W, Shiel RJ (1983) Rotifer communities of Billabongs 
in northern and south-eastern Australia. Hydrobiologia 104: 
49-56 

Lansac-Tóha FA, Bonecker CC, Velho LFM, Lima AF (1997) 
Comunidade zooplanctònica. In: Vazzoler AEAM, Agost- 
inho AA, Hahn NS (eds), A planície de inundação do alto 
rio Paraná: aspectos físicos, químicos,biológicos e socio- 
económicos. Editora da Universidade Estadual de Maringá, 
Maringá, pp. 117-155 

Martínez JC, Canesin A, Bonecker CC (2000) Species composi- 
tion of rotifers in different habitats of an artificial lake, Mato 
Grosso do Sul State, Brazil. Acta Scientiarium 22: 343—346 

Mills S, Alcántara-Rodríguez JA, Ciros-Pérez J, Gómez A, 
Hagiwara A, Galindo KH, Jersabek CD, Malekzadeh-Viayeh 
Leasi RF, Lee JS, Mark Welch DB, Papakostas S, Riss S, 
Segers H, Serra M, Shiel R, Smolak R, Snell TW, Stelzer 
CP, Tang CQ, Wallace RL, D. Fontaneto D, Walsh EJ (2017) 
Fifteen species in one: deciphering the Brachionus plicatilis 
species complex (Rotifera, Monogononta) through DNA tax- 
onomy. Hydrobiologia 96: 39-58 

Montero-Pau J, Ramos-Rodríguez E, Serra M, Gómez A (2011) 
Long-term coexistence of rotifer cryptic species. PLoS ONE 
6:e21530 

Sanoamuang L (1998) Rotifera of some freshwater habitats in 
the floodplains of the River Nan, northern Thailand. Hydro- 
biologia 387/388: 27-33 

Schröder T, Walsh EJ (2010) Genetic differentiation, be- 
havioural reproductive isolation and mixis cues in three sib- 
ling species of monogonont rotifers. Freshwater Biology 55: 
2570-2584 

Segers H (1995) Rotifera 2: Lecanidae. 6. pp: 1—226. In: Du- 
mont HJ, Nogrady T (eds) Guides to identification of the Mi- 
croinvertebrates of the Continental waters of the world. SPB 
Academic Publishing bv. Amsterdam, the Netherlands. 

Segers H (2007) Annotated checklist of the rotifers (Phylum 
Rotifera), with notes on nomenclature, taxonomy and distri- 
bution. Zootaxa 1564: 1—104 

Segers H, Dumont HJ (1995) 102+ rotifer species (Rotifera: 
Monogononta) in Broa reservoir (SP., Brazil) on 26 August 
1994, with the description of three new species. Hydrobiolo- 
gia 316: 183-197 

Segers H, Ferrufino NL, De Meester L (1998) Diversity and 
Zoogeography of Rotifera (Monogononta) in a flood plain 
lake of the Ichilo River, Bolivia, with notes on little known 
species. Internationale Revue Hydrobiologie 83: 439-448 

Segers H, Nwadiaro CS, Dumont HJ (1993) Rotifera of some 
lakes in the floodplain of the river Niger (Imo State, Ni- 
geria). II. Faunal composition and diversity. Hydrobiologia 
250: 63-71 

Segers H, Pholpunthin P (1997) New and rare Rotifera from 
Rivers for Life Thale Noi Lake, Pattalang Province, Thai- 
land, with a note on the taxonomy of Cephalodella (Notom- 
matidae). Annals Limnologie 33: 13-21 

Serafim M Jr., Bonecker CC, Rossa D C, Lansac-Tóha FA, Cos- 
ta CL (2003) Rotifers of the Upper Paraná River floodplain: 
additions to the checklist. Brazilian Journal of Biology 63(2): 
207-212 


OZFMK 


Loktak Lake — a rotifer biodiversity hot-spot 13 


Sharma BK (1978a) Contributions to the rotifer fauna of West 
Bengal. Part I. Family Lecanidae. Hydrobiologia 57: 143— 
153 

Sharma BK (1978b) Contributions to the rotifer fauna of West 
Bengal. II. Genus Lepadella Bory de St. Vincent, 1826. Hyd- 
robiologia 58: 83—88 

Sharma BK (1983) The Indian species of the genus Brachionus 
(Eurotatoria: Monogononta: Brachionidae). Hydrobiologia 
104: 31-39 

Sharma BK (1998) Freshwater Rotifers (Rotifera: Eurotatoria). 
In: Fauna of West Bengal. State Fauna Series 3(11): 341— 
461. Zoological Survey of India, Calcutta 

Sharma BK (2009) Diversity of Rotifers (Rotifera: Eurotatoria) 
of Loktak lake, North-Eastern India. Tropical Ecology 50(2): 
277-285 

Sharma BK (2014) Rotifers (Rotifera: Eurotatoria) from wet- 
lands of Majuli — the largest river island, the Brahmaputra 
river basin of upper Assam, northeast India. Check List 
10(2): 292-298 

Sharma B K, Haokip HT, Sharma S (2016) Loktak lake, Ma- 
nipur, northeast India: a Ramsar with rich rotifer (Rotifera: 
Eurotatoria) diversity and its meta-analysis. International 
Journal of Aquatic Biology 4(2): 69-79 

Sharma BK, Khan S I, Sharma S (2017) Biodiverse rotifer as- 
semblage (Rotifera: Eurotatoria) of floodplain lakes of the 
Brahmaputra basin of lower Assam, northeast India: compo- 
sition and ecosystem diversity. Chinese Journal of Oceanolo- 
gy and Limnology DOI: 10.1007/500343-017-6251-x 

Sharma BK, Noroh N, Sharma S (2017) Rotifers (Rotifera: 
Eurotatoria) from floodplain lakes of the Dibru Saikhowa 
Biosphere Reserve, upper Assam, northeast India: ecosystem 
diversity and biogeography. International Journal of Aquatic 
Biology 5(2): 79-94 

Sharma BK, Sharma S (1987) On species of the genus Lep- 
adella (Eurotatoria: Monogononta: Colurellidae) from 
North-Eastern India, with remarks on Indian taxa. Hydrobi- 
ologia 147: 15-22 

Sharma BK, Sharma S (1997) Lecanid rotifers (Rotifera: Mo- 
nogononta: Lecanidae) from North Eastern India. Hydrobio- 
logia 356: 159-163 

Sharma BK, Sharma S (1999) Freshwater Rotifers (Rotifera: 
Eurotatoria). In: Fauna of Meghalaya. State Fauna Series 
4(9): 11-161. Zoological Survey of India, Calcutta 


Bonn zoological Bulletin 67 (1): 5—13 


Sharma BK, Sharma S (2000) Freshwater Rotifers (Rotifera: 
Eurotatoria). In: Fauna of Tripura: State Fauna Series 7 (4): 
163-224. Zoological Survey of India, Calcutta 

Sharma BK, Sharma S (2014a) Northeast India — An important 
region with a rich biodiversity of Rotifera. In: Sharma BK, 
Dumont HJ, Wallace RL (eds) Rotifera XIII: Rotifer Biology 
— A structural and functional Approach. International Review 
of Hydrobiology 99(1—2): 20-37 

Sharma BK, Sharma S (2014b) Floodplains of the Brahmapu- 
tra river basin-globally interesting ecotones with rich Rotifer 
(Rotifera: Eurotatoria) biodiversity. Pp. 258—270. In: Sinha 
RK, Ahmed B (eds.) Rivers for Life — Proceedings of the 
International Symposium on River Biodiversity: Ganges- 
Brahmaputra-Meghna River System, Ecosystems for Life, A 
Bangladesh-India Initiative, IUCN, International Union for 
Conservation of Nature 

Sharma BK, Sharma S (2015) New records of rotifers (Rotif- 
era: Eurotatoria) from Deepor beel — a Ramsar site of India 
with an update on its Rotifera diversity. Journal of Threat- 
ened Taxa 7(3): 7011—7016 

Sharma BK, Sharma S (2017) Rotifera: Eurotatoria (Rotifers). 
Chapter 7: 93-113. In: Kailash Chandra, Gopi KC, Rao DV, 
Valarmathi K, Alfred JRB (eds) Current status of freshwater 
faunal diversity in India. Zoological Survey of India, Kolkata 

Sharma S, Sharma BK (2008) Zooplankton diversity in flood- 
plain lakes of Assam. Records of the Zoological Survey of 
India, Occasional Paper No. 290: 1—307 

Sharma S, Sharma BK (2013) Faunal Diversity of Aquatic In- 
vertebrates of Deepor Beel (a Ramsar site), Assam, northeast 
India. Wetland Ecosystem Series, 17: 1—226 

Shiel RJ, Green JD, Nielsen DL (1998) Floodplain biodiversi- 
ty: why are there so many species? Hydrobiologia 387/388: 
39-46 

Suatoni E, Vicario S, Rice S, Snell T, Caccone A (2006) An 
analysis of species boundaries and biogeographic patterns in 
a cryptic species complex: The rotifer — Brachionus plicati- 
lis. Molecular Phylogenetics and Evolution 41: 86—98 

Tunginba Singh V, Mazumdar-Leighton S, Nair S (2013) Lok- 
tak, the largest floating lake of the World, Needs Restoration. 
Current Science 104: 10-11 

Vásquez E, Rey J (1989) A longitudinal study of zooplankton 
along the lower Orinoco River and its Delta (Venezuela). An- 
nals Limnologie 28: 3-18 


OZFMK 


